The French school have for many years held acute rheumatism to be an infectious disease. Grenet described five epidemics of rheumatic fever during the late war. He showed how the disease remained in a certain unit although that unit was removed from its position in the linecases occurring in its new quarters, while the relieving troops remained free from the disease. He considered this to be evidence in support of the view that infection is a more important factor than environment in the causation of acute rheumatism. Seventeeen years ago he made the following prophecy: "Je me crois donc autoris6 a declarer que le rhumatisme articulaire aigu est une maladie contagieuse, conception qui me paralt pr6senter une grande importance doctrinale et qui peut-Atre aura un jour une reelle importance pratique." Dr. Bradley and I hope to show to-day that this prophecy has now been fulfilled, and that the conception of rheumatic fever as a contagious disease is now of practical importance.
The organism isolated in this epidemic was the hbmolytic streptococcus, but it was only during the height of the throat infection that the organism could be obtained in anything like pure culture from the pharynx. It tended to disappear rapidly, as shown by successive throat cultures, and often could no longer be found towards the end of the silent period. This observation explains why the reports of previous writers on throat infection in acute rheumatism have often been negative.
Being unaware of this "silent " or "incubation " period, they made throat cultures only after the appearance of the rheumatic symptoms, and thus failed to find the causal organisms of the initial throat infection in preponderating growth.
Numerous blood-cultures were taken during the initial tonsillitis, in the " silent" period and during the subsequent acute rheumatic relapse, but the bhemolytic streptococcus was never grown. It is interesting to note, however, that cultures taken at autopsy in four fatal cases revealed the presence of the organism in locations as far distant from the throat as the spleen and the pericardial glands. These results have been confirmed subsequently on a much larger series of cases.
Skin tests with an extract of the hiemolytic streptococcus, termed by us "haemolytic streptococcal endotoxin," and with streptococcal exotoxin (Dick toxin), were performed on all the patients in the ward. It was found that these children gave fewer positive Dick reactions than did normals. When tested with the endotoxin, however, 100% were found to react, as opposed to 20% in a control group.
Since these initial experiments, a much larger series of rheumatic children and controls have been tested with this "endotoxin" or extract. Time does not permit me here to go into the matter more fully, except to say that the initial results reported here have been broadly confirmed, and a definite correlation found between the time which has elapsed since an attack of acute rheumatism and this hypersensitivity to the "endotoxin."
These observations at the Cheyne Hospital confirmed Schlesinger's finding of the silent period in rheumatic relapses, and showed that the organism associated with the throat infection was a hBemolytic streptococcus. They suggested a definite tetiological association between hamolytic streptococcal throat infection and subsequent rheumatic fever. It was at once argued, however, by Warner and others, that the haemolytic streptococcal infection was probably a non-specific factor, and that any other acute infection which might lower the patient's resistance would have the same effect. Careful study during the last year, at both the Cheyne Hospital and Queen Mary's Hospital, Carshalton, does not favour this argument. Dr. Sheldon's ward in the Cheyne Hospital has been kept under close observation and the throat flora charted week by week. By this means it has been possible to observe the effects of a number of infections occurring in the ward. These In the table above it will be seen that 24 relapses of acute rheumatic fever occurred out of 32 cases showing clinical nasopharyngeal infection with the haemolytic streptococcus. None of the other infections were followed by relapses. The B. influenz. group was particularly striking. This infection occurred in epidemic form in a ward containing convalescent rheumatic children of the relapsing type. It was of a very virulent nature, resembling the epidemic -of influenza in 1918, the fever in the cases affected often reaching 1040 F., and lasting from four to seven days. These patients were closely observed for a month following the epidemic, but no subsequent rheumatic symptoms developed. If, then, the hypothesis that any acute infective condition may lead to rheumatic relapses was correct, we should have expected to see rheumatic sequelae occurring after such a virulent infection.
While we were making our original observations at the Cheyne Hospital, Coburn's monograph appeared (in January, 1931), in which he sets forth a formidable array of facts in support of the view that the haemolytic streptococcus is the infective agent in what he calls the "rheumatic state." His bacteriological findings are similar to ours, in that it was only during infection with the heemolytic streptococcus that he observed rheumatic disease. We cannot but feel, therefore, that the haemolytic streptococcus plays more than a non-specific r6le in the production of the disease.
Another criticism made is that we were dealing only with subjects already rheumatic and liable to relapses, and that our work is therefore no proof that primary attacks of acute rheumatic fever are caused in a similar manner. Lately, Glover and F. Griffith, while discussing tonsillitis caused by the haemolytic streptococcus occurring in epidemics in public schools, described, as one of the sequelee, rheumatic fever occurring from ten to twenty days after recovery from the tonsillitis. Dr. Bradley will presently describe these epidemics in schools.
Recently I have observed an epidemic of acute tonsillitis associated with hamolytic streptococcal infection in an institution containing 600 nurses and ward-maids. Exact figures of the number of cases involved could not be obtained, but the epidemic was widespread and probably affected not less than 100 of the staff. Among the complications which followed the epidemic was that of rheumatic fever. In three of these cases, whose full particulars I have to hand, the silent period was nine, twelve and twenty-one days respectively, and all three developed carditis. Throat swabs were examined frorn two, both yielding heemolytic streptococci, and all three were subsequently found to be highly sensitive to haemolytic streptococcal " endotoxin."
It would appear, then, that there is no essential difference in the aetiology of primary and secondary attacks of rheumatic fever.
If a virulent haemolytic streptococcal infection attacks a ward in which rheumatic subjects are congregated, a large number of secondary attacks will occur, while the same infection occurring among apparently healthy children will only be followed by acute rheumatism in patients in what we may call the pre-rheumatic state. In this 41 1633 1634 Proceedings of the Royal Society of Medicine 42 connection one of the adult cases in the last epidemic referred to is of considerable interest.
Case 2.-Girl, aged 18 years: Previous to work in hospital had lived on an isolated farm in the country. On February 2, 1931, complained of sore throat and was warded for one week with acute tonsillitis. She recovered completely, but on February 21, 1931, a second attack of acute tonsillitis developed, accompanied by vague pains in the back and limbs, vomiting, and high fever.
During the next seven days the throat gradually cleared up and the temperature fell to normal. On the ninth day the temperature again rose and the patient rapidly became very ill, the signs of a rheumatic pancarditis rapidly developing. At no time was there any arthritis.
I examined the throat some weeks after the carditis had commenced, and found the tonsils showing signs of recent acute infection being still ragged, swollen and injected with pus in the crypts. Cultures still showed the presence of large numbers of hbemolytic streptococci. Although very very ill at the time, she gave a positive reaction to an intradermal test with heemolytic streptococcal "endotoxin." After six months' illness she died from heart failure. Blood cultures during the most acute period were sterile.
Two points are of outstanding significance in-this case: (a) Although occurring in an adult, the rheumatic attack was of the type usually met with in children before puberty; (b) the tonsillitis which preceded the acute rheumatic carditis was the second attack within a month. The fact that previous to her employment in the hospital the patient had lived in the depth of the country, where it is improbable that she had been exposed to the infections met with in town communities, explains the child-type of reaction to the infection. The second point strongly supports the " allergic " hypothesis of acute rheumatism as advanced by Swift in many of his publications. It would suggest that the first attack of tonsillitis had sensitized the patient, changing her type of reactivity to infection.
The %tiology of rheumatic fever can only be explained when its connection with acute sore throat caused by the hamolytic streptococcus is understood. It cannot be described as a contagious disease in the ordinary sense of the word, as more than one factor is responsible for its development. The streptococcal throat infection is no doubt contagious in the epidemic sense, but is only followed by rheumatic fever in certain patients. Although there is some evidence in support of the view that before rheumatic fever can develop in an individual, that person must have been previously in a pre-rheumatic condition, characterized by a changed tissue reaction to the organism or its products, this hypothesis must for the present be considered unproven.
Time does not permit me to enlarge on the possible lines which treatment may take, but'they may be briefly summarized as follows (A) The Prevention of Relapses in already Rheumatic Patients. (1) By sufficient bed-spacing, cross-ventilation of wards, and abundance of fresh air.
(2) By the control of infection in the ward. The time is not far distant when all wards for rheumatic children will have available proper bacteriological investigation.
Thus the swabbing of the whole ward when throat infection occurs will be possible, and the proper isolation of all infected patients, nurses and ward-maids will be insisted upon.
(3) By the administration of aspirin from the commencement of the nasopharyngeal infection (Dr. Schlesinger's method).
(4) By desensitization of patients attending rheumatic clinics (Swift's method of intravenous vaccination with haemolytic streptococci).
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(1) By the realization of the importance of throat infection, so that isolation of infected cases becomes a routine.
(2) By the elimination of over-crowding, which is the most important factor predisposing to the spread of droplet infection.
In conclusion, I should like to pay a tribute to Dr. F. Griffith, whose technique and methods have alone made this work possible, and whose encouragement and critical insight have been an inspiration to us all.
Dr. W. H. Bradley: I propose to deal with the significance and prevention of precursor fever in the rheumatic state. "The greater the improbability, the more rigid should be the proof." With these words Professor Okell [1] , quoting from Hume's "Book of Miracles," has recently dismissed the hypothesis that certain pathogenic streptococci engender acute rheumatism. I have the same thought in my mind as I proceed to extend the trail which Dr. Collis has blazed for us and attempt the proof of our theorem that acute rheumatism is a manifestation of an abnormal tissue response to transitory contact with streptococci of various types.
These upper temperature charts ( fig. 1 ) are from cases of three boys who, about February 7, of this year, contracted sore throat due to a known type of hsemolytic NO streptococcus, the same organism being found in every throat during the first twentyfour hours of fever although it had been absent a few days previously, The charts represent a normal reaction to a new and acute nasopharyngeal infection in healthy subjects.
The lower chart is from another case of the same hoemolytic streptococcal sore throat occurring at the same time in a healthy boy, who previous to the onset of this fever was not carrying this type of streptococcus. The primary pyrexial reaction to 1 invasion of the nasopharynx appeared to be normal, but he remained under observation on account of bronchitis due to the same organism. Fifteen days after the onset of that disease acute rheumatism developed. In this chart will be recognized the lag, or silent, period which has been emphasized by Campbell and Warner [2], and Schlesinger [31, and which is most easily observed in scarlatinal rheumatism [4, 5] , merely because a rash calls our attention to a haemolytic streptococcal nasopharyngitis and we keep the patient under observation. A further series of charts ( fig. 2 ) are taken from cases of boys with the same type of sore throat, occurring about February 17, 1932, during the same epidemic. Boy No. 145 reacted normally to the infection and passed out of observation. Eighteen days later he developed polyarthritis, and sixteen days after that, an acute carditis. The lag period, so obvious in this chart, is typical of acute rheumatism. I suspect that it is present in every case but is not always recognized, because the original infection may be silent or, perhaps, produce but a mild apyrexial coryza. The first spike in the NO. 38 AIZ. Section of Therapeutics and Pharmacology 1637 three other cases of relapse. Lloyd Jones [6] has suggested that the disparate findings of the bacteriologists, far from invalidating the infective theory, are accounted for by an allergic hypothesis, and allergy is a moderately satisfactory explanation of the lag period.
Clinically, acute streptococcal nasopharyngitis is strongly implicated as the main allergizing factor in the rheumatic state. Equally strong arguments in proof of our theorem arise out of the epidemiological studies which Dr. Collis has surveyed in some detail. Viewing the matter from a slightly different angle and in a more general way, I propose to consider three masses of people: (1) The population at large;
(2) the semi-isolated community; (3) the semi-isolated community of rheumatic susceptibles. Acute rheumatism in the general population appears to be a family disease [7, 8, 9, 10, 11, 12] , and occasionally its incidence in a'house assumes epidemic proportions [13, 14, 15, 16, 17, 18] . Intimate study of family incidence has caused Paul [19, 20] to write: Recurrent activity of disease seems to sweep through a family in synchronous waves, during which time new cases may also appear accompanied by the simultaneous appearance of non-specific types of illness such as bronchitis, broncho-pneumonia, skin rashes, etc., in other members" . . . of the household, suggesting a common nasopharyngeal cause.
Rheumatic families are frequently concentrated into rheumatic localities, the rheumatic morbidity in any given locality appearing to increase in proportion with density of population and dampness [21, 22, 23, 24, 25] , and frequently to follow the course of waterways [26, 27] . The recent Bristol investigations, to which Dr. Carey Coombs will refer, show, however, that the attack rate of rheumatism in Bristol is five times [28] as great as in the neighbouring city of Bath where the incidence appears to be falling [29] , in spite of the fact that the Bath slums are over-crowded, situated near a river, frequently flooded, and notoriously humid. A factor not perceptible to the naked senses would appear to be at work. The semi-isolated community provides material for a more intimate study, and many epidemics under such conditions have been recorded [42, 43, 44, 45, 46, 47] , some of which have recently been considered by Glover [48, 491, who writes, " In acute rheumatism epidemics an 'unseen.' carrier wave is probably present, but in addition there are two visible waves-the larger tonsillitis wave and the smaller acute rheumatism wave."
In Michaelmas Term, 1929, a junior school of ninety boys was involved in an extensive spread of haemolytic streptococcal tonsillitis, producing four cases of rheumatism. At this time the upper school (240 boys) was comparatively healthy.
In the following term the order was reversed, the upper school suffering a serious attack of sore throat, with ten cases of rheumatism, while the junior school remained free except for two cases-one the brother of an upper school boy, also involved, and the other a relapse. The only variants in the environment of these two groups of boys are those associated with personal contact. From that time onwards complete bacteriological control has been kept by Dr. Griffith. In Lent Term, 1931, a new type (Hutchinson) of streptococcus invaded the school and produced rheumatism. A third wave occurred later, another distinct type of haemolytic streptococcus being responsible. Acute rheumatism appeared when expected, i.e., after the peak of the tonsillitis wave. Previous to 1929, wave after wave of nasopharyngitis had swept the school, with never a case of rheumatism. I observed three such epidemics, in two of which pneumococci were responsible. In the third Streptococcus viridans was a possible cause. Hamolytic streptococci had been rare visitors to the school before the appearance of rheumatism-producing sore throats.
In most closed community epidemics reported, the morbidity from rheumatism has exceeded the highest attack rate in the open population. Yet, when a streptococcal nasopharyngitis invades an isolated community of rheumatic susceptibles, the attack rate is far in excess of that in a healthy closed community. Dr. Collis has told us of those epidemics in cardiac hospitals in which bacteriological control was available and it is reasonably fair to assume a streptococcal origin for the basic wave of upper air passage infection which produced 10% relapses of rheumatism in Boas and Schwartz's two epidemics [51], and 25% in that observed by Hillier and Graef [52] . Hector [53] states that of all scarlet fever cases admitted to an isolation hospital, 0.55 % only produced rheumatism or cardiac symptoms, but in cases with a previous history of acute rheumatism there was 100 % reappearance of the symptoms associated with the rheumatic state.
The rheumatic subject would appear to be at the mercy of certain nasopharyngeal diseases whereby his relapses are precipitated. Is this association merely accidental, or has it an important etiological significance? Epidemiologically there is no doubt that acute rheumatism has the characters of an acute infectious fever and is immediately related to certain types of epidemic sore throat. Clinically there is equally little doubt of the truth of Millar's [25] dictum: " Direct infection from one case to another is of no practical importance," and the great frequency of the apparently sporadic case unassociated with any epidemic makes it difficult to believe the epidemiological evidence.
Our theorem provides a link between these two incompatible truths. The precursor fever is that link. It is highly infectious, its infectivity diminishes rapidly during the lag period, and the infecting organisms are not necessarily present in the nasopharynx at the time of onset of arthritis. Furthermore the precursor fever will producerheumatism only in certain hypersensitive subjects. The work of Collis and 1638 46 Section of Therapeutics and Pharmacology Sheldon goes far to show the nature of this rheumatic susceptibility and, if allergy is the prime factor in rheumatism, surely a series of acute contacts with the allergen -believed to be streptococcal endotoxin-will best serve the conditions required for the development of an allergic state, Broadly speaking we are back to Newsholme [54] who, in his Milroy lecture of 1895, presumed a threefold cause of rheumatism: (1) an acute infective agent;
(2) the environment; (3) a personal factor. This triad will serve us well in a discussion of the prevention and treatment of the disease. The personal factor, so strongly suggested on epidemiological grounds, may be amenable to those methods of immunization and desensitiation which Dr. Collis is testing. The environment, maleficent in proportion to density of population, humidity, and season, is just that environment in which droplet infections most easily spread, but it must include an essential factor described by Coburn [55], namely a widespread streptococcal parasitism. The acute infective agents become almost ubiquitous at certain times and in certain places. Although they can-and doexist in other parts of the body, their main habitat is the surface of the nasopharynx whereon they are merely temporary residents (except in rare cases of chronic infection) and whence they are disseminated, most commonly by droplet spray. It may be that, in rheumatism, their residence is more permanent, but this has yet to be proved. They spread slowly, causing sub-epidemic states rather than steeple-like epidemics, and they are frequently carrier-borne [56, 57, 58, 59, 60, 61, 62, 63). They commonly produce follicular tonsillitis as a physical sign, but sore throat or simple coryza, with or without pyrexia, may mark their attack.
Such attacks are the "precursor-nasopharyngitis " which, after a lag period, engenders rheumatic fever-itself not necessarily an infectious disease.
Of the treatment of this allergizing sore throat I have little to say. Continuous administration of aspirin from the onset of nasopharyngitis, as advocated by Sheldon [641, appears to be of value and should be carried out; prophylaxis offers much greater hope. Tonsillectomy in the prevention of rheumatism is a lost cause [55, 65, 66, 67] and certain well controlled studies have shown it to offer no appreciable degree of protection against simple acute nasopharyngitis [63, 68, 69]. Our problem is rather to reduce the spread of droplet infections-all droplet infections, because clinically we cannot, with certainty, distinguish one from another.
In closed communities the isolation of acute catarrhs may be possible but is rarely effective. In the population at large it is clearly impossible to obtain adequate control of all carriers, well or ill. Dr. Collis and other workers [70, 71] have demonstrated the possible value of skin tests for rheumatic susceptibles, who, when detected, must be taught to insulate themselves against droplet infection.
There is one insulating material which recommends itself above all othersnamely, fresh air-and an abundance of this material must be used in the treatment of rheumatics. Coburn's well-known Porto Rico experiment is a probable example of the value of this method and Dr. Gray Hill [72] speaks well of it.
In rural areas continued rest in a home chalet should be enjoined. The less fortunate town dwellers should be housed in single bedrooms with wide-open windows, unless it is possible to move them to the chalet type sanatoria. The institution in which rheumatism occurs frequently should be wide-spaced and divided into small communities.
The cardiac hospital, so valuable for its routine of rest and graduated exercises, is not altogether an unmixed blessing when sore throat invades it, and I would warn you against over-rating the value of isolation in the control of this trouble. Efficient insulation is much safer, although immediate isolation of all cases of nasopharyngeal' disease must still be practised. Other points of importance are a well mixed diet with a full ration of vitamins-particularly vitamin " A," nasal breathing, a useful skin reaction, warm feet and a cool head. Clean handkerchiefs and a hand covering 47 1639 1640 Prceedings of the Royal Society of Medicine 48 a coughing mouth are all directed to the same end, namely, that the pre-rheumatic and the rheumatic must not " catch cold." Summary and Conclusions. 1 . The typical first attack or relapse of rheumatism includes:
(a) An acute reaction, most commonly with involvement of the upper air-passages referred to as " precursor fever " in this paper, which is followed by (b) A lag or silent period preceding (c) The classical manifestations of polyarthritis and carditis, or a state of toxic debility. 2. Search of the literature shows that acute rheumatism occurs in association with epidemics of tonsillitis and nasopharyngitis.
3. Hemolytic streptococci of various types are shown to cause: (a) The precursor fever. (b) Epidemics of rheumatism producing tonsillitis. 4 . Droplet infection appears to be the main mode of spread of halmolytie streptococci. A widespread streptococcal parasitism is an essential factor in a rheumatic environment. 5. The precursor fever is due to acute and transitory infection with streptococci. Rheumatism appears to occur in those who, being incompletely immunized by a, first contact, with a rheumatism-producing streptococcus, develop a hypersensitiveness (allergy) to that organism. Subsequent contact with allergen (endotoxin) precipitates rheumatism.
Control of rheumatism requires the prevention of the precursor fever. Among therapeutic and prophylactic methods, the value of fresh air must be emphasized.
Acute rheumatism is a manifestation of abnormal tissue-responses to acute and repeated contact with streptococci commonly spread by droplet infection. The problems of the rheumatic state are the problems of the simple acute nasopharyngeal diseases.
